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[57] ABSTRACT

A method and apparatus are disclosed for measuring the
efficiency of a manufacturing technician in the perfor-
mance of selected operations within a computer based
manufacturing process. A manufacturing process plan is
stored within a computer system having a visual dis-
play. Those operations within the manufacturing pro-
cess plan having a known labor standard time value are
identified and the labor standard time value for each
such operation is stored within the computer system.
Upon the initiation of an operation having a known
labor standard time value a graphic representation, such
as an hourglass, is automatically presented displaying
the amount of elapsed time since initiation of the se-
lected operation and the amount of time remaining
within the labor standard time. In one embodiment of
the present invention, the elapsed time value may be
stored, upon the temporary suspension of the selected
operation, and subsequently displayed upon the reacti-
vation of the suspended operation.

12 Claims, 3 Drawing Sheets
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METHOD AND APPARATUS FOR
MEASUREMENT OF MANUFACTURING
TECHNICIAN EFFICIENCY

CROSS-REFERENCE TO RELATED
APPLICATION

The present application is related in subject matter to
U.S.. Pat. Application Ser. No. 07/425,786 entitled
“Method and System for Generation of Manufacturing
Process Plans,” now U.S. Pat. No. 5,134,560, filed of
even date herewith, assigned to the assignee hereof, and
incorporated herein by reference thereto.

BACKGROUND OF THE INVENTION

1. Technical Field :

The present invention relates in general to improve-
ments in manufacturing technology and in particular to
improvements in manufacturing technology in com-
puter based manufacturing process plans. Still more
particularly, the present invention relates to a method
and apparatus for the measurement of manufacturing
technician efficiency and the provision of feedback to
the manufacturing technician within a computer based
manufacturing process plan.

2. Description of the Related Art

Manufacturing technology has long had as its pri-

mary goal the ability to consistently produce a high

quality product. Over the years, the efforts which have
been made to achieve this goal have been directed pri-
marily to the improvement of the documentation which
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is utilized by the manufacturing technician or floor

operator during the manufacturing process. However,
the rapidity with which the manufacturing process
evolves often renders hard copy documentation obso-
lete soon after it has been distributed. The probability
that the primary documentation utilized by the floor
operator is either downlevel or incomplete will often
result in degradation in either product quality or consis-
tency.

As a result of the aforementioned problem, it has been
a recent goal in manufacturing circles to implement the
so-called “Paperless Factory.” The foremost object of a
Paperless Factory system is to provide high quality
information on the manufacturing plant floor. High
quality information in this sense is information which is
current, understandable, complete and consistent. Prod-
uct data currency is a key issue in those areas where
manufacturing is presented with frequent Engineering

45

Change (EC) activities. The level of detail and clarity of 50

the information provided to the manufacturing plant
floor is important and its value is clearly reflected in the
quality of the physical product which is being manufac-
tured.

There are several additional motivations for the im-
plementation of a Paperless Factory. The most obvious
motivation is the ability to provide highly current data
and configuration management to the shop floor. The
information being utilized by the manufacturing techni-
cian on the manufacturing shop floor in performing the
manufacturing or repair operation should be the most
advanced Engineering Change (EC) level available.

A well implemented Paperless Factory will also elim-
inate or reduce the process specifications and documen-
tation presented in paper format to the shop floor and
replace those specifications with on line operator guid-
ance which meets the shop floor requirement of high
quality current information. Another advantage of the
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Paperless Factory implementation is the elimination of
the shear volume of hard copy information required for
the manufacturing process. It is not uncommon in cer-
tain manufacturing processes to require several hundred
pieces of paper for building a particular product, such as
a jet aircraft.

One possible advantage in the utilization of a Paper-
less Factory is the effective monitoring and documenta-
tion of the efficiency of manufacturing technicians. For
example, manufacturing and industrial engineers have
long promulgated so-called “labor standard times” for
individual manufacturing operations which may be
utilized to predict the amount of time required to com-
plete a selected group of manufacturing operations.
While these labor standard times are available, there
exists no known system which permits an individual
manufacturing technician to easily gauge his or her
performance against such a known standard.

There do exist many prior art systems which permit

- the passage of elapsed time or actual time to be noted.

So-called “clock and calendar” boards exist which will
generate a display of the date and time of day; however,
in order to measure manufacturing technician efficiency
against a known standard it is necessary to know the
start time as well as the completion time and perform
real time calculations at each manufacturing operation.

Additionally, “count-down” techniques are well
known in systems which provide an indication of the
passage of a selected time span. For example, U.S. Pat.
No. 4,625,086 discloses a cooking apparatus having a
graphic display which indicates the passage of the se-
lected cooking time.

None of the aforementioned systems provide a
method and apparatus by which the efficiency of a
manufacturing technician may be measured by automat-
ically providing a graphic representation which indi-
cates the amount of elapsed time and the time remaining
within a predetermined time period for each manufac-
turing operation. . '

Therefore, it should be obvious that a need exists for
a method and apparatus which permits the automatic
and efficient measurement of manufacturing technician
efficiency in the performance of selected manufacturing
operations and which provides real time feedback to the
manufacturing technician to enable the manufacturing -
technician to improve his or her performance against
the measurement system.

SUMMARY OF THE INVENTION

It is therefore one object of the present invention to
provide an improvement in manufacturing technology.

It is another object of the present invention to pro-
vide an improvement in manufacturing technology in
the field of computer based manufacturing process
plans.

It is yet another object of the present invention to
provide an improvement in manufacturing technology
which relates to methods and apparatus for the mea-
surement of manufacturing technician efficiency within
a computer based manufacturing process plan.

. The foregoing objects are achieved as is now de-
scribed. The method and apparatus of the present inven-
tion utilizes a manufacturing process plan which is
stored within a computer system having a visual dis-
play. Those operations within the process plan having a
known labor standard time value are identified and the
labor standard time value for each such operation is
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stored within the computer system. Upon the initiation
of an operation having a known labor standard time
value by a manufacturing technician a graphic represen-
tation, such as an hourglass, is presented on the com-
puter system visual display and displays the amount of
elapsed time since the initiation of the operation and the
amount of time remaining within the labor standard
time. In one embodiment of the present invention, the
elapsed time value may be stored, upon the temporary
suspension of the operation, and subsequently displayed
upon the reactivation of the suspended operation.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of the in-
vention are set forth in the appended claims. The inven-
tion itself however, as well as a preferred mode of use,
further objects and advantages thereof, will best be
understood by reference to the following detailed de-
scription of an illustrative embodiment when read in
conjunction with the accompanying drawings, wherein:

FIG. 1 is a pictorial representation of a computer
system which may be utilized with the method of the
present invention;

FIG. 2 is a pictorial representation of a computer
display screen depicting the operation of the method of
the present invention; and

FIG. 3 is a high-level flow chart depicting the
method of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

With reference now to the FIGURES and in particu-
lar with reference to FIG. 1, there is depicted a pictorial
representation of a computer system 10 which may be
utilized with the method of the present invention. As
may be seen, computer system 10 includes a processor
12 which preferably includes a graphics processor,
memory device and a central processor (not shown).
Coupled to processor 12 is video display 14 which may
be implemented utilizing either a color or monochro-
matic monitor, in a manner well known in the art. Also
coupled to processor 12 is keyboard 16. Keyboard 16
preferably comprises a standard computer keyboard
which is coupled to processor 12 by means of cable 18.

Upon reference to the foregoing, those skilled in the
art will appreciate that computer 10 may be imple-
mented utilizing a so-called personal computer, such as
the Model 50 PS/2 computer manufactured by Interna-
tional Business Machines Corporation of Armonk, New
York.

Referring now to FIG. 2, there is depicted a pictorial
representation of a computer display screen 24, which
depicts the operation of the method of the present in-
vention. As may be seen, display screen 24 has been
divided into two halves, including an image half 26 and
a textual instruction half 28.

Displayed visually within image half 26 of display
screen 24 is an image 30 of a product which is to be
manufactured by a process which is at least partially
defined by numbered textual instructions 34, 36, 38, and
40, which are displayed within textual instruction half
28. As is illustrated, image half 26 of display screen 24
also preferably discloses the order number, part number
and Engineering Change (EC) version of the product
for which the manufacturing process is displayed. Addi-
tionally, image 30 preferably includes a plurality of
reference numerals, such as reference numeral 32,
which corresponds to numbered textual instruction 38,

4

thereby permitting a simple correspondence between

- particular textual instructions and image 30.
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As is illustrated, textual half 28 of display screen 24
preferably includes a plurality of numbered textual in-
structions, such as textual instructions 34, 36, 38, and 40.
Each textual instruction includes a sequential number
which is also utilized, as discussed above, within image
half 26 of display screen 24 to refer to a physical point
within image 30, wherein the operation described
within an associated textual instruction will take place.

As those skilled in the art will appreciate, mouse 20
(see FIG. 1) may be utilized to locate a mouse pointer
(not shown) at any point within display screen 24 and
may be utilized to select a particular operation for pro-
cessing by the manufacturing technician. Similarly, a
graphical pointing device such as mouse 20 may also be
utilized to select one or more reference documents,
such as reference documents 42, 44, or 46, which may
be displayed in an iconic representation within display
screen 24. In a manner well known in the art, the illus-
trated reference documents may be selected by means
of mouse 20 and expanded to permit a manufacturing
technician to refer to these reference documents during
the processing of a manufacturing operation.

Also displayed within display screen 24 are a plural-
ity of commands including: TIME START; RESUME;
TIME END; and, BOOKMARK, referred to at refer-
ence numerals 50, 52, 54 and 56, respectively. Of course,
those skilled in the art will appreciate that these com-.
mands are merely illustrative of those types of com-
mands which may be utilized in an application of this
type and that additional commands may also be utilized.
As is illustrated, each command may be selected by
depressing an appropriate Program Function key or,
may be selected graphically utilizing mouse 20 (see
FIGURE or other snitable graphical pointing device.

Referring again to display screen 24 of FIG. 2, an
important feature of the method and apparatus of the
present invention is illustrated. Depicted within the
lower region of image half 26 of display screen 24 is a
graphical elapsed time representation 48. As is illus-
trated, in the depicted embodiment of the present inven-
tion graphical elapsed time representation 48 takes the
form of an hourglass; however, other graphical repre-
sentations may be also utilized. In accordance with this
feature of the present invention, certain of the selected
operations listed within textual instruction half 28 of
display screen 24 have predetermined labor standard
time values associated therewith. Upon the selection of
an operation having a known labor standard time value,
graphical elapsed time representation 48 may be utilized
to permit the manufacturing technician to judge his or
her efficiency against a known standard.

After the selection of an operation listed within tex-
tual instruction half 28 of display screen 24, the operator
may select command 50, indicating that he or she has
begun the selected operation. Alternatively, the failure
of the manufacturing technician to indicate the initia-
tion of an operation for which a labor standard time
value exists may be responded to by the provision of a
visual prompt to the manufacturing technician. Such a
visual prompt may be utilized to cause the manufactur-
ing technician to indicate the initiation of the selected
operation. Thereafter, graphical elapsed time represen-
tation 48 may be utilized to indicate both the amount of
elapsed time since the initiation of the selected opera-
tion by means of a graphic image of sand within the
lower half of the hourglass depicted. Additionally,
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graphical elapsed time representation 48 may also be
utilized to indicate the amount of time remaining in the
labor standard time value by means of an image of sand
present in the upper half of the hourglass thus depicted.
In this manner, manufacturing technicians may be pro-
vided with an automatic indication of the efficiency of
their actions with regard to a particular manufacturing
operation, as measured against a labor standard time
value which has been previously designated for that
operation and stored within computer system 10 (see
FIG. 1).

With reference now to FIG. 3, there is depicted a
high level flow chart which illustrates the method of
the present invention. As may be seen, the process be-
gins at block 70 which depicts the initiation of an opera-
tion which is listed within textual instruction half 28 of
display screen 24 (see FIG. 2). Thereafter, block 72
depicts a determination of whether or not the operation
thus selected is a timed operation. If not, the process
terminates, via block 74.

In the event the manufacturing operation selected by
the manufacturing technician is a timed operation, as
determined by block 72, then block 76 illustrates the
determination of the labor standard time (S) for that
operation by the system. Those skilled in the art will
appreciate that labor standard times for individual man-
ufacturing operations may be simply and easily stored
within computer system 10 and thereafter utilized to
implement the method of the present invention.

Next, block 78 depicts the determination of whether
or not the TIME START key has been depressed or
selected. If not, block 80 indicates the prompting of the
operator for such input. After the TIME START key
has been selected, as determined by block 78, then block
82 illustrates the initialization of the time value. Next,
block 84 depicts a determination of whether or not the
operation in progress is to be suspended. If so, block 86
illustrates the storing .of the current value of time.
Thereafter, the process passes to block 88 which depicts
a determination of whether or not the suspension period
has been completed. If not, the process delays a prede-
termined period of time, as illustrated in block 90, and
thereafter returns to block 88 to once again determine
whether or not the suspension period has completed.

In the event the suspension period has been com-
pleted, as determined by block 88, or never suspended
the process passes to block 92 wherein the time value is
incremented to indicate the passage of time during the
processing of the operation. Next, block 94 illustrates
the modification of the time icon, or graphical elapsed
time representation, as illustrated in FIG. 2. In the case
of an hourglass representation, as depicted in FIG. 2,
the modification of this icon is accomplished by the
increasing of the visual depiction of sand in the lower
half of the hourglass and the concomitant decreasing of
the amount of sand in the upper half of the hourglass.

After modifying the graphical elapsed time represen-
tation in the manner discussed above, block 96 illus-
trates a determination of whether or not the operator
has completed the operation in question. If the opera-
tion has been completed, the process terminates, as
illustrated in block 106. In the event the operator has
not completed the operation, as indicated by keyboard
entry or other means, then block 98 depicts a determina-
tion of whether or not the total elapsed time is equal to
the labor standard time for this particular operation. If
not, the process returns to block 92 to continue to incre-
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6
ment the elapsed time value and the process continues,
unless suspended, as determined by block 84.
After sufficient time has elapsed such that the elapsed
time is equal to the labor standard time for the selected
operation, as determined by block 98, the process passes
to block 100 which depicts the displaying of “time
elapsed” or another graphical indication to the manu-
facturing technician that the labor standard time value
for this particular operation has elapsed. Next, block
102 illustrates the provision of a textual display which
indicates the amount of time which has elapsed, over
and above the labor standard time period. Block 104
depicts a continued determination of whether or not the
operator has completed the operation, and is utilized, in
conjunction with block 102, to periodically update the
time average display until such time as the operator has
completed the operation. Thereafter, the process termi-
nates, as illustrated in block 106. Of course, those skilled
in the art will appreciate that additional graphic varia-
tions may be employed. For example, the hourglass
display may change colors to indicate the amount of
time remaining within the labor time standard.
Upon reference to the foregoing, those skilled in the
art will appreciate that the Applicant has provided a
novel method whereby a manufacturing technician in a
computer based manufacturing process plan may sim-
ply, easily and automatically measure his or her effi-
ciency against a predetermined labor standard time for
a particular manufacturing operation in progress. In this
manner, the performance of the manufacturing techni-
cian may be utilized to enhance the technician’s effi-
ciency and may-also be recorded or reported to a sys-
tem wide control to determine which manufacturing .
technicians require additional training or which techni-
cians are particularly skilled at selected operations.
While the invention has been particularly shown and
described with reference to a preferred embodiment, it
will be understood by those skilled in the art that vari-
ous changes in form and detail may be made therein
without departing from the spirit and scope of the in-
vention.
What is claimed is:
1. A method in a computer system based manufactur-
ing process for providing an indication of the efficiency
of a manufacturing technician in the performance of
selected operations within a manufacturing process,
said method comprising the steps of:
storing a plurality of labor standard time values
within said computer system which predict the
amount of time required to complete each of a
plurality of operations within a manufacturing pro-
cess;
displaying within said computer system a sequence of
textual instructions for performing a plurality of
operations within said manufacturing process;

noting the selection of a particular one of said se-
quence of textual instructions by a manufacturing
technician;

determining a selected one of said plurality of opera-

tions within a manufacturing process which is initi-
ated by performance of said particular one of said
sequence of textual instructions;

retrieving a labor standard time for said selected one

of said plurality of operations;

noting an initiation of said selected one of said plural-

ity of operations by said manufacturing technician;
and
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automatically displaying within said computer system
an indication of the passage and completion of said
labor standard time for said selected one of said
plurality of operations until completion of said
selected one of said plurality of operations wherein
the performance of said manufacturing technician
may be measured against said labor standard time
for said selected one of said plurality of operations.

2. The method in a computer system based manufac-
turing process for providing an indication of the effi-
ciency of a manufacturing technician in the perfor-
mance of selected operations within a manufacturing
process according to claim 1, wherein said step of auto-
matically displaying within said computer system an
indication of the passage and completion of said labor
standard time for said selected one of said plurality of
operations comprises the displaying of a graphical rep-
resentation of the passage of said labor standard time.

3. The method in a computer system based manufac-
turing process for providing an indication of the effi-
ciency of a manufacturing technician in the perfor-
mance of selected operations within a manufacturing
process according to claim 1, wherein said displaying of
a graphical representation of the passage of said labor
standard time comprises the step of displaying a graphi-
cal representation of the amount of elapsed time since
the initiation of said selected operation and a graphical
representation of the amount of time remaining within
said labor standard time.

4. The method in a computer system based manufac-
turing process for providing an indication of the effi-
ciency of a manufacturing technician in the perfor-
mance of selected operations within a manufacturing
process according to claim 3, wherein said step of dis-
playing a graphical representation of the amount of
elapsed time since the initiation of said selected one of
said plurality of operations.and a graphical representa-
tion of the amount of time remaining within said labor
standard time comprises the step of displaying a vari-
able graphic representation of an hourglass.

5. The method in a computer system based manufac-
turing process for providing an indication of the effi-
ciency of a manufacturing technician in the perfor-
mance of selected operations within a manufacturing
process according to claim 1, wherein said step of auto-
matically displaying within said computer system an
indication of the passage and completion of said labor
standard time for said selected on of said plurality of
operations comprises the displaying of an iconic repre-
sentation of the passage and completion of said labor
standard time.

6. The method in a computer system based manufac-
turing process for providing an indication of the effi-
ciency of a manufacturing technician in the perfor-
mance of selected operations within a manufacturing
process according to claim 1, wherein said step of not-
ing the initiation of a selected operation within a manu-
facturing technician to indicate the initiation of said
selected operation.

7. The method in a computer system based manufac-
turing process for providing an indication of the effi-
ciency of a manufacturing technician in the perfor-
mance of selected operations within a manufacturing
process according to claim 1, further including the step
of selectively suspending said indication of the passage
and completion of said labor standard time.

8. An apparatus for providing an indication of the
efficiency of a manufacturing technician in the perfor-
mance of selected operations within a computer based
manufacturing process, said apparatus comprising:

.
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a computer system having a visual display;

means for storing a manufacturing process plan

within said computer system;

means for storing a plurality of labor standard times

which predict the amount of time required to com-
plete each of a plurality of operations within said
manufacturing process plan;

means for displaying within said visual display of

sequence of textual instruction for performing a
plurality of operations within said manufacturing
process plan;

means for noting the selection of a particular one of

said sequence of textual instructions by a manufac-
turing technician;
means for determining a selected one of said plurality
of operations within said manufacturing process
plan which is initiated by performance of said par-
ticular one of said sequence of textual instructions;

means for retrieving a labor standard time of said
selected one of said plurality of operations within
said manufacturing process plan;

means for noting an initiation of said selected one of

said plurality of operations by said manufacturing
technician; and

means for automatically displaying within said visual

display an indication of the passage and completion
of a labor standard time for said selected one of said
plurality of operations until completion of said
selected one of said plurality of operations wherein
the performance of said manufacturing technician
may be measured against said labor standard time
for said selected ones of said plurality of opera-
tions.

9. The apparatus for providing an indication of the
efficiency of a manufacturing technician in the perfor-
mance of selected operations within a computer based
manufacturing process according to claim 8, wherein
said means for automatically displaying within said
visual display an indication of the passage and comple-
tion of a selected labor standard time comprises means
for graphically displaying within said visual display an
indication of the passage of a selected labor standard
time.

10. The apparatus for providing an indication of the
efficiency of a manufacturing technician in the perfor-
mance of selected operations within a computer based
manufacturing process according to claim 9, wherein
said means for graphically displaying within said visual
display an indication of the passage and completion of a
selected labor standard time comprises means for gener-
ating an iconic representation of the passage and com-
pletion of a selected labor standard time.

11. The apparatus for providing an indication of the
efficiency of a manufacturing technician in the perfor-
mance of selected operations within a computer based
manufacturing process according to claim 9, wherein
said mears for graphically displaying within said visual
display an indication of the passage of a selected labor
standard time comprises means for graphically display-
ing the amount of elapsed time since the initiation of
said selected one of said plurality of operations and the
amount of time remaining within said labor standard
time.

12. The apparatus for providing an indication of the
efficiency of a manufacturing technician in the perfor-
mance of selected operations within a computer based
manufacturing process according to claim 8, further
including means for suspending said indication of the
passage of a selected labor standard time in response to

an input from said manufacturing technician.
* & % % %



